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Description 



The invention relates to a method of manufacturing 
a pattern of an electrically conductive polymer on a sub- 
strate surface, a solution from which the conductive pol- 5 
ymer is formed being provided on the substrate surface 
as a liquid layer, after which said liquid layer is optionally 
dried, exposed to patterned radiation and then heated, 
thereby forming the pattern of electrically conductive 
polymer. The invention also relates to the metallization 10 
of such a pattern. 

In general, organic polymers are electrical insula- 
tors and are therefore used as insulation material in 
electrical and electronic components. It is known that 
the polymercan become electrically conductive if it com- is 
prises a poly-conjugated bond system consisting of a 
chain of, for example, double bonds, triple bonds, aro- 
matic or hetero-aromatic rings. This conductivity is re- 
ferred to as intrinsic conductivity. Examples of such pol- 
ymers are polyacetylene, pglythiophene and polypyr- 20 
role. The conductivity of these polymers is generally low, 
since said polymers are semiconductors with a relatively 
large band gap of 1 .5-4 eV. The conductivity can be in- 
creased by, for example, (electro)chemicalfy oxidizing 
the polymer, termed doping, resulting in the formation 25 
of p-type conductors. Suitable dopants for obtaining p- 
type conductance are, for example, l 2> AsF 5> SbF 5 
HBF 4 , perchlorates, sulphonates, S0 3 and FeCI 3 . This 
doping causes the formation of positive charge carriers 
on the polymer chains, which charges are compensated so 
by negatively charged counterions. 

In general, polymers are cheap and can be provided 
on a substrate by means of simple techniques, such as 
spin coating. Consequently, conductive polymers are at- 
tractive for use in conductive and semiconductive struc- 35 
tures in (integrated) electronic circuits, printed circuit 
boards, anti-static coatings and electromagnetic protec- 
tive layers. To realise completely organic electronic sys- 
tems, interconnects based on conductive polymers 
must be available. 40 

A method of manufacturing a pattern of an electri- 
cally conductive polymer is known from European Pat- 
ent Application EP-A-399299. In said known method, a 
mixture of a conjugated polymer, such as polyaniline, a 
radiation-sensitive onium salt and a solvent is provided 4S 
on a substrate surface. After heating, the substrate sur- 
face is exposed to patterned radiation with, for example 
U V light and heated again. An example of an onium salt 
is tnphenylsulphonium hexafluoroantimonate As a re- 
sult of said exposure to radiation, the onium salt gener- so 
ates free acid which protonates the polymer, thereby 
forming a conductive polymer having negative ions as 
counterions. The known method is a positive process 
The exposed areas of the polymer layer become elec- 
trically conductive, whereas the non-exposed areas re- ss 
main electrically non-conductive. The unexposed areas 
are removed by treating them with a suitable solvent. 
A drawback of the known method is that the specific 



conductivity of the conductive polymer formed is too low, 
so that said conductive polymer cannot be used as an 
interconnect in electronic circuits. The stated maximum 
conductivity values areO.01-0.1 S/cm. This specific con- 
ductivity is also too low to provide, if desired, by electro- 
plating polymer layers of a customary small layer thick- 
ness with a metal layer of, for example, copper for use 
in printed circuit boards. 

It is an object of the invention to provide, inter alia, 
a simple method of manufacturing an electrically con- 
ductive polymer pattern, which method is a negative 
process in which the specific conductivity of the conduc- 
tive parts of the polymer pattern is higher than 0. 1 S/cm 
and the specific conductivity of the other ('non-conduc- 
tive') parts of the polymer pattern is at least a factor of 
104 lower, and in which the conductive polymer pattern 
can be galvanically re-inforced with a metal layer. 

According to the invention, this object is achieved 
by a method as described in the opening paragraph 
which is characterized in that the solution also compris- 
es an oxidation agent and a base, and in that conductive 
polymer is formed in the unexposed areas and non-con- 
ductive polymer is formed in the exposed areas. Non- 
conductive polymer is to be understood to mean herein, 
a polymer whose specific conductivity is at least a factor 
of 10 4 lower than the specific conductivity of the con- 
ductive polymer. The presence of an oxidation agent 
causes the specific conductivity values of the polymers 
formed to be higher than they would be if no oxidation 
agent were used. However, solutions comprising mon- 
omers or undoped oligomers or polymers and, in addi- 
tion, typical oxidation agents used for doping, such as 
Fe(lll) salts, are very unstable. When these components 
are mixed, instantaneously doped polymers are formed 
in the solution, so that the formation of a conductive pol- 
ymer pattern on a substrate is impossible. Surprisingly 
it has been found that the reaction rate of the polymer- 
ization reaction and/or doping reaction is lowered by 
adding small quantities of a base to the solution De- 
pending on the concentration of the base, the reaction 
can be suppressed completely at room temperature An 
effective base concentration enables solutions compris- 
ing monomers, oligomers or polymers and a suitable ox- 
idation agent to remain stable, at least at room temper- 
ature, for approximately 12 hours: no polymerization 
takes place. These stable solutions enable thin layers 
to be provided on a substrate by means of, for example 
spin coating. Following the heating of the layer, an elec- 
trically conductive polymer is formed. If the spin coated 
layer of monomers or oligomers is exposed prior to 
heating, to for example UVIight, surprisingly, a non-con- 
ductive polymer is formed after heating. If the spin coat- 
ed layer is partially exposed, conductive polymer is 
formed, after heating, in the unexposed areas and non- 
conducts polymer (i.e. having a specific conductivity 
which is at least a factor of 104 | 0Wer ) is formed in the 
exposed areas. Patterned irradiation via, for example 
a mask results, in accordance with this method, in con- 
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ductive polymer patterns In the unexposed areas and 
areas of insulating polymer in the exposed areas. Thus, 
the process conducted in this manner is a negative proc- 
ess: the exposed areas become non-conductive. Unlike 
other known methods, the manufacture of a conductive s 
polymer pattern in accordance with the invention does 
not require a separate photoresist layer. As the conduc- 
tive and non-conductive areas of the polymer layer are 
situated in one plane, a separate planarization layer is 
not necessary to further finish, for example, an electron- io 
ic circuit. 

Suitable polymers for the method in accordance 
with the invention are aromatic compounds, such as an- 
Jline and heterocyclic aromatic compounds, such as pyr- 
role, f uran and thiophene. To increase the solubility and 
improve the processabiiity, the monomers can be sub- 
stituted with, for example, alky! groups or alkoxy groups. 
An example of such a compound is 3-dodecylthiophene. 
Suitable oligomers are, for example, terthiophene and 
a, a'-coupled undecathicphene substituted with four do- 20 
decyl side chains, referred to in literature as T 12 d 4 
(2,5,8,11), i.e. 12 thiophene rings (T 12 ) with 4 dodecyl 
side chains (d 4 ) on the rings 2,5,8 and 11 . Oligomers of 
thiophene can more easily be doped than thiophene it- 
self. Suitable polymers for the method in accordance & 
with the invention are, for example, substituted or un- 
substituted polyaniline and polythiophene. 

Suitable oxidation agents for the method in accord- 
ance with the invention are, for example, soluble Fe(lll) 
salts, such as tris(toluenesulphonate)Fe(IH), Cu(ll)- 30 
salts, such as Cu(BF 4 )2, Ce(IV)-salts and Cr(lll)-salts. 
A suitable organic oxidation agent is, for example, 

2.3- dichloro-5,6-dicyanoparabenzoquinone (DDQ). 
The choice of the oxidation agent depends on the redox 
potential of the monomer, oligomer or polymer used. In 35 
order to be able to suppress the polymerization/doping 
reaction at room temperature, the redox potentials of the 
oxidation agent and the monomer, oligomer or polymer 
must not differ too much. 

Suitable soluble bases for this method are, for ex- 40 
ample, imidazole, dicyclohexylamine and 1 ,8-diazabi- 
cyclo[5,4 r 0]undec-7-ene (DBU). 

A suitable embodiment of the method in accordance 
with the invention is characterized in that 3,4-ethylene- 
dioxythiophene is used as the monomer. A solution of 4S 

3.4- ethylenedioxythiophene (EDOT), a suitable base 
quantity and an Fe(lll)-salt as the oxidation agent is sta- 
ble at room temperature. A layer of this solution can be 
provided on a substrate by spin coating. Optionally the 
layer is subsequently dried and exposed to patterned 50 
radiation. The polymerization reaction is initiated by 
heating to approximately 110°C, resulting in the forma- 
tion of a conductive polymer having a high specific con- 
ductivity of 300 S/cm in the unexposed areas and a non- 
conductive polymer (specific conductivity 10* 3 S/cm) in ss 
the areas exposed to deep UV light. Following the ex- 
posure and heating of the layer, the layer is extracted 
with, for example, methanol or 1 -butanol. This extraction 



causes the reduced oxidation agent, for example the Fe 
(ll)-salt formed, to be removed from the layer 
The above-mentioned conductivity and difference in 
conductivity between exposed and unexposed areas of 
at least a factor of 1 0 4 are sufficient for the use as inter- 
connect and for a possible galvanic reinforcement with 
a metal layer. Layers of conductive poly-3,4-ethylenedi- 
oxythiophene are stable when they are exposed to UV 
light (X > 300 nm). The temperature stability of this con- 
ducting polymer is much better than that of other known 
polymers. Besides, this conductive polymer hardly ab- 
sorbs visible light, so that this polymer can suitably be 
used as a transparent conductor. The ethylene group of 
EDOT can be substituted with C r C 12 the above-men- 
tioned alkyl groups or alkoxy groups. Also oligomers of 
EDOT, whether or not substituted, can be used in the 
method in accordance with the invention, an example of 
such an oligomer being the tetramer of EDOT-C 6 H 13 . 

The specific conductivity of the conductive polymer 
pattern and the difference in conductivity between ex- 
posed and unexposed areas of at least a factor of 10 4 
are such that a metal layer can be grown on this pattern 
in an electroplating bath. Consequently, the method in 
accordance with the invention can particularly suitably 
be used for the manufacture of metal tracks on insulat- 
ing substrate surfaces, such as printed circuit boards. 
The metal layer to be provided may for example consist 
of silver, copper, nickel or chromium. For this purpose, 
customary, commercially available electroplating baths 
of simple composition can be used. In this manner, the 
use of electroless metallization baths is circumvented. 
Electroless metallization baths have the drawback that 
expensive noble metals (mostly palladium) are required 
to activate the substrate surface and that the metalliza- 
tion baths used readily become unstable. Besides, toxic 
reducing agents, such as formaldehyde, are often used 
in said baths. A further drawback of the standard elec- 
troless method is that the activation is non-selective, so 
that the deposited uniform metal layer must subse- 
quently be patterned photolithographically and by 
means of chemical etching, which is a very time-con- 
suming process. The method in accordance with the in- 
vention makes it possible to provide conductive metal 
patterns of, for example, copper on an electrically insu- 
lating substrate in a simple manner by means of elec- 
trodeposition. Forthe substrate use can be made of syn- 
thetic resins, glass, quartz and ceramics. 

The invention will be explained in greater detail by 
means of exemplary embodiments and drawings, in 
which 

Fig. 1 shows the structural formula of 3,4-ethylene- 
dioxythiophene (EDOT), 

Fig. 2 shows the structural formula of the tetramer 

of EDOT-C 6 H 13 , and 

Fig. 3 shows the formula of imidazole. 
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Exemplary embodiment 1 . 

A quantity of 0.35 mmol 3,4-ethylenedioxythi- 
ophene (EDOT, supplier Bayer AG, formula see Fig. 1) 
is mixed with a solution of 0.81 mmol tris(toluenesulpho- 
nate)Fe(lll) and 0.25 mmol imidazole (formula see Fig. 
3) in 1 .5 g 1 -butanol. The solution obtained is stable for 
approximately 12 hours at room temperature. After fil- 
tration through a 0.5 urn filter, the solution is spin coated 
onto a silicon substrate. The layer obtained is dried at 
50°C for 3 minutes. The dried layer is exposed, via a 
mask, to patterned radiation with UV light (X < 300 nm) 
by means of a Hg lamp and, subsequently, heated to 
110°C for 1 minute. After cooling, the Fe(ll)-salt formed 
is extracted from the layer by means of 1 -butanol. After 
extraction, the average layer thickness is 650 A. The un- 
exposed parts of the layer form a track pattern having a 
track width of up to 1 \xm and comprise electrically con- 
ductive poly-3,4-ethylenedioxythiophene having a spe- 
cific electric conductivity of 300 S/cm. The exposed 
parts of the layer comprise a non-conductive polymer 
having a specific conductivity of only lO^-IO* 4 S/cm. 
Thus, this embodiment of the method is a negative proc- 
ess. 

Both the conductive and the non-conductive polymers 
are transparent to visible light; thus, this embodiment of 
the invention yields transparent conductors. The con- 
ductive polymer which is doped in situ is surrounded by 
areas of non-conductive polymer, rendering further 
planarization steps superfluous. The conductive pat- 
terns are stable in UV light (X > 300 nm) and, besides, 
have a higher thermal stability than the conductive pol- 
ymers known to date. After heating for 3 hours at 1 00°C, 
the specific conductivity is 200 S/cm, while heating for 
the same period of time at 150°C causes the specific 
conductivity to decrease only to 50 S/cm. After heating 
for only 1 minute at 110°C, the dopant is completely re- 
moved from the conductive polymer of, for example, the 
thiophene oligomer T 12 . 

Exemplary embodiment 2. 

A solution is prepared which consists of 0.055 mmol 
of the tetramer of EDOT-C 6 H 13 (formula see Fig. 2), 
0.037 mmol 1 ,4-benzoquinone, 0.163 mmol orthoni- 
trobenzyltosylate in 1 .5 g tetrahydrof uran. The solution 
is spin coated onto a substrate and dried for 1 minute at 
90*C. The layer is exposed to patterned radiation with 
UV light (X < 300 nm). After heating for 2 minutes at 
140°C the specific conductivity of the unexposed areas 
is 10 S/cm, whereas the exposed areas remain electri- 
cally insulating (resistance > 10 9 /O; specific conductivity 
10" 5 S/cm). This method enables conductive polymer 
patterns having a line width of Sujti to be obtained. 

Exemplary embodiment 3. 

A solution is prepared which consists of 0.35 mmol 



3,4-ethylenedioxythiophene, 0.25 mmol imidazole and 
0.81 mmoltris(toluenesulphonate)Fe(lll) in 1.5 g 1 -bu- 
tanol. After filtration through a 0.5 \im filter, the solution 
is spin coated onto a beaded PMMA (polymethyl meth- 
s acrylate) substrate. The layer obtained has a thickness 
of approximately 1 um Parts of the layer are exposed 
to deep UV light (k < 300 nm). Subsequently, the layer 
is polymerized to poly-3,4-ethylenedioxythiophene by 
heating at 110° C for 1 minute. After cooling, the layer 
is extracted with 1 -butanol, causing the layer thickness 
to decrease to 700-1 000 A. The unexposed areas of the 
layer have a resistance of 0.4 kt2/Q The exposed areas 
of the layer have a conductivity which is at least a factor 
of 1 0 4 lower. The layer is then copper-plated in an aque- 
ous copper bath containing 0.5 molar 0uSO 4 and 0.5 
molar H 2 S0 4 at room temperature. The current density 
is 0.1 A/cm 2 . Copper is deposited only on the conductive 
(i.e. unexposed) parts of the polymer layer The copper 
layer bonds very well to the polymer layer. 

The method in accordance with the invention ena- 
bles polymer patterns to be manufactured in a polymer 
layer, the specific conductivity of the conductive parts of 
the polymer pattern being at least 0.1 S/cm and being 
a factor of 10 4 higher than the specific conductivity of 
the non-conductive parts. In accordance with the inven- 
tion, the conductive polymer pattern can be galvanically 
provided with a metal layer, thereby forming a corre- 
sponding metal pattern. Thus, the method in accord- 
ance with the invention can very suitably be used for the 
additive manufacture of metal patterns and, hence, is a 
favourable alternative to electroless metallization. 



Claims 

1. A method of manufacturing a pattern of an electri- 
cally conductive polymer on a substrate surface, a 
solution from which the conductive polymer is 
formed being provided on the substrate surface as 
a liquid layer, after which said liquid layer is option- 
ally dried, exposed to patterned radiation and then 
heated, thereby forming the pattern of electrically 
conductive polymer, characterized in that the solu- 
tion also comprises an oxidation agent and a base 
and in that conductive polymer is formed in the un- 
exposed areas and non-conductive polymer is 
formed in the exposed areas. 

2. A method as claimed in Claim 1 . characterized in 
that poly-3,4-ethylenedioxythiophene 3,4-ethylene- 
dioxythiophene is used as the polymer resulting 
from monomers in the solution. 

3. A method as claimed in Claim 1 or 2, characterized 
in that an Fe(lll)-salt is used as the oxidation agent. 

4. A method as claimed in Claim 1 , 2 or 3, character- 
ized in that imidazole is used as the base. 
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5. A method as claimed in any one of the preceding 
Claims, characterized in that an electroplating bath 
is used to provide a metal layer on the conductive 
polymer pattern. 

6. A method as claimed in Claim 5, characterized in 
that copper, silver, nickel or chromium is used as 
the metal layer. 



Patentanspruche 

1. Verfahren zum Herstellen eines Musters aus einem 
elektrisch lertenden Polymer auf einer Substrat- 
oberflache, wobei eine Losung, aus der das leiten- 
de Polymer gebildet wird, als Flussigkeitsschicht 
auf der Substratoberflache angebracht wird, wo- 
nach die Flussigkeitsschicht getrocknet und da- 
nach mustermaBig belichtet und daraufhin unter 
Bildung des Musters aus elektrisch leitendem Poly- 20 
mer erhitzt wird, dadurch gekennzeichnet, daB die 
Losung zugleich ein Oxidationsmittel und eine Base 
aufweist und daB in den nicht-belichteten Teilen lei- 
tendes Polymer und in den belichteten Teilen nicht- . 
leitendes Polymer gebildet wird. 25 

2. Verfahren nach Anspruch t , dadurch gekennzeich- 
net, daB Poly-3,4-Athylendioxythiophen verwendet 
wird als das Polymer, das aus 3,4-Athylendioxythio- 
phenmonomeren in der Losung hervorgeht. so 

3. Verfahren nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet, daB als Oxidationsmittel ein Fe(lll)- 
Salz verwendet wird. 

35 

4. Verfahren nach Anspruch 1 , 2 oder 3, dadurch ge- 
kennzeichnet, daB als Base Imidazol verwendet 
wird. 

5. Verfahren nach einem der vorstehenden Anspru- *o 
che, dadurch gekennzeichnet, daB zum Anbringen 
einer Metal Ischicht auf dem lertenden Polymermu- 
ster ein Metallisierungsbad verwendet wird. 

6. Verfahren nach Anspruch 5, dadurch gekennzeich- 45 
net, daB Kupfer, Silber, Nickel oder Chrom als Me- 
tallschicht verwendet wird. 



Revendications 50 

1. Procede pour fabriquer une configuration d'un po- 
lymere electriquement conducteur sur une surface 
de substrat, une solution k partir de laquelle est for- 
me le polymere conducteur 6tant appliquee comme ss 
couche de liquide sur la surface de substrat, apres 
quoi ladite couche de liquide est s6ch6e facultati- 
vement, exposee k du rayonnement mis en confi- 



guration et alors chauffee, de ce fait constituant la 
configuration d'un polymere Slectriquement con- 
ducteur, caractdrise en ce que la solution comports 
6galement un agent d'oxydation et une base, et en 
ce que du polymere conducteur est form6 dans les 
zones non exposees et en ce que du polymere non 
conducteur est forme dans les zones exposees. 

2. Proced§ selon la revendication 1 , caract§rise en ce 
que du poly-3,4-&hylenedioxythiophene s'utilise 
comme polymere resultant d'une solution consti- 
tuee de monomeres constituds de 3.4-6thyle- 
nedioxythiophene. 

3. Proc6de selon la revendication 1 ou 2, caracterise 
en ce qu'un sel de Fe(lll) s'utilise comme agent 
cfoxydation. 

4. Procede selon la revendication 1, 2 ou 3, caracte- 
ris6 en ce que de I'imidazole s'utilise comme base. 

5. Procede selon Pune quelconque des revendications 
precgdentes, caracterise en ce qu'un bain 6lectro- 
fytique s'utilise pourdeposer une couche m6tallique 
sur la configuration polymere conductrice. 

6. Proc6de selon la revendication 5, caract6ris6 en ce 
que du cuivre, de I'argent, du nickel ou du chrome 
s'utilise comme couche mdtallique. 
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